ABSTRACT The phenology and dispersal abilities of Pseudacteon phorid ßies, parasitoids of Solenopsis Þre ants, were measured at multiple sites over several years. Four Pseudacteon species [P. browni Disney, P. spatulatus (Malloch), P. crawfordi Coquillett, and an undescribed species, P. sp. A.] were found in the vicinity of 5 S. geminata (F.) populations over a 3-yr period. P. browni was the most common at all sites and in all years, with a single exception. Pseudacteon species were observed hovering over disturbed S. geminata mounds from April through December of most years, although ßight activity was not observed on days when the air temperature fell below 20ЊC. Relative abundance patterns varied both temporally and spatially, although a rough positive correlation with rainfall was evident at some sites. Overall sex ratios were always highly male-biased at all sites and in all years, with 1 exception. Pseudacteon phorids were found at distances of up to 650 m from the nearest S. geminata colony, and appeared to disperse away from host colonies into areas without appropriate hosts in random directions. Although populations of host S. geminata in central Texas are fragmented, distances over which Pseudacteon dispersal frequently occurs may be relatively large compared with the interpatch distances separating host ant populations.
THE PHORIDAE IS one of the most biologically diverse families of insects, yet relatively little is known about the natural history of most genera (Disney 1994) . Parasitoidism is probably the most common phorid lifestyle, and ants are the most common hosts (Disney 1990) . Much recent research on phorids has been focused on the potential of using parasitoid species to control pest ants. Species in the genus Pseudacteon that parasitize Solenopsis worker ants have received the most attention (Williams et al. 1973 , Feener and Brown 1992 , Orr et al. 1995 , Porter et al. 1995c .
Although most studies have described developmental stages (Porter et al. 1995b (Porter et al. , 1997 Morrison et al. 1997) , tested host speciÞcity (Porter et al. 1995a , Porter and Alonso 1998 , and documented effects on ant foraging (Feener and Brown 1992 , Orr et al. 1995 , Porter et al. 1995c ), virtually nothing is known of the phenology and dispersal of Pseudacteon species. Moreover, in the entire Phoridae, seasonal patterns of abundance have been documented for only a few species, and detailed studies of dispersal are nonexistent (Disney 1994) . Information on these aspects of Pseudacteon biology represents not only a valuable addition to our knowledge of the Phoridae in general, but may also be valuable in the planning and execution of a biocontrol program.
We studied the phenology and dispersal of Pseudacteon species that parasitize Solenopsis geminata (F.) in central Texas. The red imported Þre ant, S. invicta Buren, invaded the Austin area in the late 1970s/early 1980s, competitively displacing S. geminata from much of its former habitat (Porter et al. 1988) . Today, only a few isolated S. geminata populations remain, separated from each other by a ÔseaÕ of S. invicta, which the native phorids do not parasitize. The main goals of this study were to document seasonal patterns of abundance in native Texas Pseudacteon populations, and to measure the dispersal ability of this group of phorid parasitoids.
Materials and Methods
Phenology. Censuses of Pseudacteon ßies were conducted from May or June through December in 1995 , 1996 . Four main sites encompassing a diversity of habitats were sampled: an open meadow at Circle C Ranch in southern Travis County, a wooded lake shore at Indian Grass Prairie Preserve in northeastern Travis County, and a city park (Zilker Park) and an urban natural area (Zilker Preserve), both in Austin, central Travis County, TX. Additionally, watered lawns in a residential area in the city of Austin were sampled in the summer of 1996, when aboveground ant activity was limited at other sites because of drought conditions. Censuses were conducted at irregular intervals, once every 2 wk on average at most sites and in most years.
At the open meadow site, S. geminata occurred in a grassy meadow on shallow, rocky soil, punctuated by small groves of ash juniper (Juniperus ashei Buchh) and live oak (Quercus virginiana L.) trees. At the wooded lake shore site, S. geminata inhabited a wooded area with an open understory bordering a lake. Mesquite (Prosopis glandulosa Torr.) and hackberry (Celtis reticulata Torr.) were the dominant tree species, and the soil was characteristic of blackland prairie. The S. geminata population at the city park occupied a frequently mowed lawn, Ϸ180 m from a spring-fed creek. The S. geminata population at the urban natural area inhabited a partly shaded area along a hiking trail, Ϸ85 m from Town Lake. Hackberry and pecan [Carya illinoensis (Wang.) K. Koch.] trees were common. S. geminata hybridizes with the southern Þre ant, S. xyloni McCook (Trager 1991) , and introgression of S. xyloni characteristics was apparent among some of the S. geminata populations of this study, particularly at the city park and urban natural area.
To census Pseudacteon phorids, 8 Ð12 S. geminata mounds at a site were disturbed by digging a small concave depression into one side of the mound. When necessary (usually during hot, dry weather), hot dog baits (hot dog, cut into Ϸ3-g sections) were placed near the depression to attract worker ants and keep them on the surface. Mounds were shaded to block direct sunlight.
Both male and female Pseudacteon phorids were attracted to the exposed ants and, while they attempted to mate or oviposit, were collected with an aspirator into clear glass vials. Most were identiÞed with a 10ϫ hand lens and released in the Þeld at the conclusion of the observations, although we retained a few specimens for conÞrmation of species determination and for vouchers. Mounds were monitored over a Ϸ90-min period in each census. Once phorids were attracted to the vicinity of a disturbed mound, they usually remained as long as ants were exposed, hovering near the ants until we collected them. The mounds were repeatedly disturbed to keep ants on the surface. On almost every occasion, the majority of phorids was captured early in the collection period, and usually very few individuals were captured in the last 30 min. All censuses were conducted between 1000 and 1500 hours. We assumed that the adult Pseudacteon phorids in the area that are normally attracted to S. geminata workers would be active and would be attracted to the disturbed mounds, and thus our censuses would be an accurate representation of Pseudacteon abundance.
Voucher specimens of the Pseudacteon spp. and Solenopsis populations have been deposited in the Natural History Museum of Los Angeles County, CA, and retained by the authors.
Dispersal. Dispersal was measured at the open meadow in 1996 and at both the open meadow and the wooded lake shore in 1997. At both sites, S. geminata occurred as a discrete population surrounded on all sides by S. invicta (at the wooded lake shore the S. geminata population was bordered by a lake on 2 sides).
To measure dispersal, S. geminata workers from a laboratory colony were placed in white plastic trays (37 by 24 by 7 cm; Ϸ500 workers per tray), the sides of which were covered with Fluon (polytetraßuoro-ethylene; ICI Fluoropolymers, Exton, PA) to prevent escapes, and transported to the Þeld. At the open meadow in 1996, trials were conducted on 3 different days. Trays were set out at intervals of 50, 100, 150, and 200 m on 10 October; 250, 300, 350, and 400 m on 17 October; and 450, 500, 550, 600, 650, and 700 m on 31 October. Trials were conducted at different distances with at least 1 wk intervening between trials to ensure that phorids present in an area had not initially been attracted from the S. geminata population to trays placed out at other distances along the transects. Two transects were run simultaneously in opposite directions (north and south) from opposite ends of the S. geminata population. At each distance, trays were monitored for 15 min and moved laterally (perpendicular to the transect) 25 m. Each tray was moved 3 times in the same direction and left out for 15 min at each position. The data for each distance were summed over 4 tray placements in 2 transects of opposite directions, or 8 total tray placements for a cumulative time of 2 h at each distance.
At both the open meadow and wooded lake shore sites in 1997, 2 transects were run simultaneously with trays placed at intervals of 50, 100, 150, 200, and 250 m. At each distance, each tray was moved twice, the 1st time 25 m to one side of the transect, and the 2nd time 25 m to the other side of the original transect (50 m from the 2nd position). Each tray was left out for 15 min at each position. At the open meadow, transects were oriented the same as in 1996. At the wooded lake shore, transects were run to the north from one end of the S. geminata population and to the northeast from the opposite end of the S. geminata population. (A lake bordered the S. geminata population on the south and east.) The entire procedure was conducted at the open meadow site on 3 separate dates (25 August, 25 September, and 20 October 1997) , and at the wooded lake shore site on 2 separate dates (26 August and 26 September 1997). (Phorids were very rare at the wooded lake shore by October of 1997.)
The exact 2-dimensional area inhabited by S. geminata at both sites was determined by disturbing all visible mounds and identifying species based on major worker morphology (Trager 1991) . Baits (Oscar Mayer wieners, cut into Ϸ3-g sections) were then placed out every 3 m in the area of the approximate boundary as determined by the mound survey to more exactly determine the boundary of the foraging territory of the 2 species. S. geminata and S. invicta are intense competitors and occupy mutually exclusive territories (Porter et al. 1988) .
Once the S. geminata population was delimited, baits were placed out along the same transects where S. geminata workers were placed in trays to measure phorid dispersal. At 20-m intervals, 6 baits were placed out 20 m apart (100 m distance total) in a line perpendicular to the transect. Baits were placed out in such perpendicular lines for 50 m beyond the end of the dispersal transects.
In addition to the baiting, we visually surveyed the area for several hundred meters in all directions from the S. geminata population and from the dispersal transects. All mounds seen were disturbed and the ant species identiÞed. This procedure was carried out at the wooded lake shore site in 1997 and at the open meadow site in both 1996 and 1997. Additionally, ÔspotÕ surveys were conducted in areas deemed likely to have S. geminata (based on habitat preferences and disturbance regimes [e.g., Tschinkel 1988] ) within a several kilometer radius from the known S. geminata populations, at both sites.
Dispersal transects were not conducted at the city park or urban natural area, because numerous fragmented S. geminata populations existed in the area, and the source of dispersing phorids would have been difÞcult to identify. We did, however, survey the Solenopsis species in the region encompassing the city park and urban natural area. As before, all mounds seen were disturbed and the ant species identiÞed. Surveys were conducted in March and April of 1998.
Results

Phenology.
We noticed no qualitative difference in attraction of Pseudacteon phorids to disturbed mounds with or without baits. The phorids were clearly interested in the ants and were not attracted to the baits. On a number of occasions, we did observe that some S. geminata colonies attracted more phorids than others. There were no qualitative differences among the colonies that we could discern, although there could have been variation in the type or quantity of chemical pheromones released by the ants, which the ßies may use as host location cues (see Discussion). This phenomenon should not have affected our results to a large degree, however, because we always censused multiple mounds at each site and attempted to census the same set of mounds each time.
Pseudacteon phorids were Þrst observed mating and ovipositing in April of most years, although formal censuses in which we quantiÞed relative abundances did not begin until May or June. In all 3 yr, phorids were censused through the month of December, when they became inactive.
The abundance patterns of Pseudacteon phorids varied both spatially and temporally (Fig. 1) . Three main patterns were evident: (1) Abundances were higher at some sites than others within the same year, and some populations increased whereas others declined. For example, in the late fall of 1997, some populations were peaking, whereas others decreased to zero (Fig. 1C) . (2) Abundance patterns over the course of a season at the same site varied among years. For example, at the open meadow site in 1995, 1 peak occurred in July and a 2nd in October, with a trough in September. In contrast, in 1996 abundances peaked in September at this site. In 1997, abundances were highest in July, with a 2nd, smaller peak in October. (3) Overall abundances varied among years at some of the same sites.
The most dramatic example of this was at the wooded lake shore site, although phorids were not censused by the methods of this study at that site in 1995 and 1996, to prevent interference with another study (Morrison, unpublished data) . Qualitatively it can be remarked that, in the fall of 1995, phorid abundances were among the highest that we have observed in central Texas, and on 5 different days from August through October of 1995 we easily collected 20 ßies at a single mound in under 10 min, to quantify sex ratios at this site. In contrast, phorids were very rare in the drought year of 1996 (Morrison, unpublished data) . The population made a moderate recovery in 1997 (Fig. 1C) .
Four different species were found over the course of the study: Pseudacteon browni Disney, P. crawfordi Coquillett, P. spatulatus (Malloch), and an undescribed species, P. sp. A (described in Brown and Morrison 1999) (Table 1) . It was possible to positively identify females to species level in the Þeld with a hand lens, based on the morphology of the ovipositor, with 1 exception: P. browni and P. spatulatus are so similar (Disney 1991) that we could only differentiate between preserved specimens using a dissecting microscope. These 2 species are grouped as "P. spatulatus complex" in Table 1 . Examination of 133 females of this complex collected randomly over the course of this study and examined under a microscope in the laboratory revealed that the vast majority (127 or 95.5%) were P. browni. Thus, P. browni was almost always the most common species found, except in the open meadow site in 1996, when P. sp. A was very abundant (Table 1) . P. crawfordi was never found in great abundance.
In addition to ovipositor morphology, the Pseudacteon species also differed in their attack behavior. All species appeared to oviposit into the side of the workerÕs thorax. P. crawfordi, however, ÔrodeÕ on the backs of workers during oviposition attempts that sometimes lasted several seconds (see also Feener 1987) . In contrast, the oviposition attempts of both P. browni and P. sp. A occurred in a fraction of a second. Unlike P. browni, however, P. sp. A often harassed workers for a minute or more before attempting to oviposit, ßying in front of them and often bumping them in a manner that was obviously not an oviposition attempt. Accordingly, the worker ants responded somewhat differently to each Pseudacteon species. When attacked by P. crawfordi, workers often did not exhibit great alarm, even when the phorid was riding on the back of the worker. Ovipositions by P. browni usually visibly stunned and often knocked workers over on their side, and allogrooming of the attacked workers was common. When harassed by P. sp. A, workers often aggressively attacked the phorid, snapping their mandibles in the air. A curled defensive posture (Feener 1987, Feener and Brown 1992) was observed in workers attacked by all Pseudacteon species, but was more common when P. browni was the attacker.
We did not attempt to identify the males to species level, because the males of all species of this study have yet to be described, and the relevant characters of those that have are not visible with a hand lens in the Þeld. For all species considered collectively, sex ratios were almost always biased toward males (Table 1) . The proportion of males by site and year varied within a relatively narrow range (0.76 Ð 0.88), with a single exception: At the open meadow site in 1996, the sex ratio was very close to 50:50. This nearly even sex ratio is attributable to the relatively great abundance of P. sp. A females.
Pseudacteon phorids were usually active if the temperature was above 20ЊC (Fig. 2) . In 1997, the temperature was recorded during censuses conducted at 3 sites from October to early December. As temperatures decreased, phorids continued to be active until daily highs dipped below 20ЊC in mid-November. As temperatures warmed up above 20ЊC in late November and early December, phorids were once again active, but not in great numbers. No phorids were b P. spatulatus was collected at these sites and in these years (at least), based on laboratory identiÞcations as described above. found at any of the sites in 10 censuses conducted on warm days (Ͼ20ЊC) in January through March of 1998; the 1st adult of the season (a male) was collected on 1 April at the city park site.
No upper temperature limit to phorid activity was observed. Phorids were active at temperatures of Ͼ37ЊC. High temperatures seemed to inhibit ant activity to a greater degree than phorid activity.
Dispersal. No S. geminata were found in any of the surveys conducted outside the delimited S. geminata populations at the open meadow or wooded lake shore sites. Thus, all phorids caught outside these areas must have dispersed there either actively (by ßying), passively (being blown by the wind), or a combination of the 2.
Pseudacteon phorids were found at almost all distances censused, at both sites and in both years (Figs.  3 and 4) . In all cases, there is a pattern of decreasing phorid abundance with distance from the S. geminata population. At the open meadow site in 1996, Pseudacteon phorids were caught at distances of up to 650 m away from S. geminata mounds (Fig. 3) . Because different distances were censused on different days in 1996, the relatively high abundances at 250 Ð 400 m and relatively low abundances at 450 Ð700 m probably reßect temporal population variation. There was no evidence that dispersal was greater in the direction of one of the transects than the other, for any site in any year (binomial tests, all P Ͼ 0.05).
The overall proportions of males found along the dispersal transects outside the S. geminata populations were 0.45 at the open meadow in 1996, 0.83 at the wooded lake shore in 1997, and 0.86 at the open meadow in 1997. There were no signiÞcant differences between these proportions and the proportions of males collected within the S. geminata populations at the same sites and years (0.51, 0.85, and 0.88, respectively; P Ͼ 0.05 for all, binomial tests).
The distribution of S. geminata in the region surrounding the city park and urban natural area was fragmented, most colonies occurring in the northern (urban natural area site) and southern (city park site) regions (Fig. 5) . Both phorid abundance and sex ratio were highly correlated seasonally between these 2 sites, compared with other, more distant sites, in 1997 (Figs. 1C and 6 ). This was true for sex ratios even in December of 1997, when the proportion of males dropped dramatically. The distances separating the Shaded areas indicate the distribution of S. geminata within this region. The sites of this study are indicated by diagonal lines: A, city park site; B, urban natural area site. The area shown on the map is bordered to the northeast by Town Lake, to the southeast by a residential area, and to the northand southwest by a wooded greenbelt. discrete S. geminata populations were within the abilities of phorids to disperse, and movement of phorids among patches could potentially be very common, resulting in a number of fragmented, yet interconnected Pseudacteon populations in this region.
Discussion
Phenology. Seasonal ßuctuations in population abundance have been the subject of study in relatively few phorid species, and the underlying factors driving these patterns are largely unexplored (Disney 1994) . In some species of Phoridae, 2 clear peaks of abundance have been documented in the spring and fall, whereas other species have a single peak in abundance, usually in the summer or fall (Disney 1994) . Variation in seasonal abundance patterns have been attributed to differences in rainfall, altitude, and habitat type (Disney et al. 1981 , Kamm et al. 1987 . Although most temperate zone phorids are not active in the winter, a few records of adult phorids collected during the winter months do exist (Brues 1924a, b) , and some species of Phoridae are apparently only active during the winter (Brown 1992, personal communication) .
In the current study, some populations in some years revealed single peaks of abundance, and others were characterized by 2 peaks separated by a trough. Additionally, the peaks did not all occur at the same time of year. The 4 main sites censused were characterized by different habitat variables, and intersite variation in patterns of phorid abundance may be caused by differences in habitat. Note that at the city park and the urban natural area, the abundance patterns for the 2 most similar sites were very similar in 1997 (Fig. 1C) . It is also possible that these 2 sites have similar patterns because they are in close proximity and linked by frequent immigration (see below).
Rainfall patterns varied substantially from 30-yr averages during the 3 yr of this study (National Climatic Data Center, Asheville, NC), and they may account for interyear variation of phorid abundance at some of the sites. In 1995, when precipitation was heaviest in May and August (Fig. 7A) , phorid abundances peaked at the open meadow in July and October (Fig. 1A) . In 1996, there was twice as much precipitation in August as any other month (Fig. 7B) , and phorid abundances peaked at the open meadow in September (Fig. 1B) . Finally, in 1997, the spring was very wet, the rains peaking in June, followed by an unusually wet October (Fig. 7C) . At the open meadow site, phorid abundances were highest in July and October, whereas at the city park and urban natural area, peaks occurred 1 mo later in August and November (Fig. 1C) .
The overall pattern that emerges is that peaks and troughs in average monthly phorid abundance are positively correlated with monthly rainfall totals, usually with a 1-or 2-mo time lag. This is true for the open meadow site for all 3 yr, even though monthly rainfall totals varied greatly from year to year. Overall, the strongest positive correlation at the open meadow site was found between phorid abundance on a particular date and weekly rainfall that occurred in the 5th wk before the censuses (Pearson r ϭ 0.343); correlation coefÞcients declined with other weekly intervals before the censuses (up to the 8th previous week).
The average time from oviposition to emergence of the adult in these Pseudacteon species is close to 1 mo at 30ЊC, and is temperature dependent . This suggests that rain may increase oviposition opportunities, or provide a more favorable environment for pupal development, resulting in increases in adult abundance Ϸ5 wk later. In a study of Apocephalus phorids attacking Pheidole dentata Mayr in Austin, TX, Feener (1978) found a correlation between rainfall and phorid activity, noting that heavy rainfall preceded peak Apocephalus activity by 2Ð3 wk.
A correlation between phorid abundance patterns and rainfall was not always observed, however, indicating that other variables may be more important at some sites or in some years. It is of interest that the open meadow is the driest of all sites, and the only one not to have a permanent source of water nearby (except for the residential area, where the lawn was watered regularly).
Overall, variation in seasonal patterns of Pseudacteon phorid abundance is likely to be affected by a number of interacting variables. In addition to climatic and habitat variables, Pseudacteon species are dependent on opportunities to parasitize Solenopsis workers. Thus, some variables may affect phorids directly whereas others may affect them indirectly through variation in host ant abundance and activity.
The fact that Pseudacteon phorids were not active on days when air temperatures were below 20ЊC may indicate a lower limit of ßight activity in these parasitoids. Many insects cannot ßy if their thoracic temperature drops below 25Ð30ЊC (May 1985) . Some insects are able to increase their preßight thoracic temperature by exposing themselves to sunlight or vibrating their ßight muscles; metabolic processes during ßight also produce heat (May 1985) . In some large insects, the temperature of ßight muscles may reach 25Ð30ЊC above air temperatures. In most insects, a 5Ð10ЊC differential is more common, and in very small insects body temperatures in ßight are very close to air temperatures, because small bodies cool fairly rapidly (Borror et al. 1989) .
Pseudacteon adults were not observed during warm (Ͼ20ЊC) days for several months each winter, indicating a period of diapause occurs. It is not known in which stage of the life cycle Pseudacteon phorids overwinter. The life cycle consists of an egg (that is inserted into a live worker ant), 3 instars (in the living worker), a pupal stage (in the dead workerÕs head capsule), and an adult stage (Porter et al. 1995b ). In general, diapause can occur at any stage of a parasitoidÕs life cycle, and can be triggered directly by environmental stimuli or indirectly through a change in host physiology (Tauber et al. 1983 (Tauber et al. , 1986 . Some species of Phoridae overwinter as adults, and may also possibly survive dry periods as resting adults (Disney 1994) . This may also be the case for Pseudacteon phorids, but this aspect of their life history has not been the subject of formal study.
Biased sex ratios have been reported from Þeld collections in a few species of Phoridae, and probably result from differences in dispersal behavior between the sexes; sex ratios obtained from laboratory rearings are closer to 50:50 (Disney 1994) . We have found that the primary sex ratio in Pseudacteon species studied varies as a function of host size, with more males arising from smaller workers ). An abundance of relatively small ants, which may be the case, for example, in areas with high frequencies of polygyny (all colonies at all sites of this study appeared to be polygynous) would be expected to yield relatively more male phorids, all else being equal (Morrison and Gilbert 1998).
Although males of some ant-parasitizing phorid species may be attracted to hosts to locate females for mating Brown 1992, Feener et al. 1996) , this does not seem to be the case in all species (Orr et al. 1997) . If the males censused in the current study did not represent all species, then collective sex ratios may be even more male biased. This error would probably not be very large for most sites and most years, however, because males of P. browni (the most common species) were commonly attracted to disturbed mounds and were included in the censuses. Although not all males have been formally described, males of P. sp. A (reared in laboratory cultures) have antennae different from those of all other North American Pseudacteon species (Brown and Morrison 1999) . At the open meadow site in 1996, when P. sp. A was very abundant, 94 males were collected and examined under a dissecting microscope; none was P. sp. A. Thus, the collective number of males was probably greatly underestimated at this site in 1996, because males of P. sp. A were apparently not attracted to disturbed ant mounds.
Pseudacteon phorids are also present in the New World tropics (as parasitoids of a variety of ants, including S. saevissima complex species), where they are active all year. Fowler et al. (1995) found that the relative proportion of 7 different species (as represented by females) varied over a 10-mo period. A single species, P. tricuspis, accounted for 73% of all females collected (compared with P. browni representing Ϸ70% of all females collected in this study). Additionally, sex ratios were male-biased, males representing 58% of all individuals attracted to trays of worker ants (Fowler et al. 1995) .
Dispersal. Detailed studies of dispersal have yet to be carried out for any of the Phoridae (Disney 1994) . Furthermore, relatively little is known about dispersal of parasitoids in general (Godfray 1994) , although there is evidence that some hymenopteran species travel several miles from their hosts (Askew 1968, Copland and Askew 1977) .
Some phorid species do appear to be a common and widespread component of the aerial plankton. Phorids have been collected at Ͼ1,000 m in altitude by the use of insect traps mounted on an airplane (Glick 1939) , and have been caught in nets or traps mounted on ships over the Atlantic, PaciÞc, and Indian Oceans (Yoshimoto et al. 1962, Bowden and Johnson 1976 and references therein) . In the 21-mo round-the-world cruise of the research vessel Galathea, phorids comprised an amazing 46.6% of all insects caught in its traps (Yoshimoto et al. 1962 ). Unfortunately, in most studies phorid specimens were not identiÞed beyond family, and a review of the aerial plankton literature did not produce any references to the genus Pseudacteon.
In the current study, Pseudacteon phorids were found up to 650 m away from the nearest S. geminata colony. Phorid parasitoids of ants may routinely use olfactory cues to locate potential hosts (Donisthorpe 1927 , Brown and Feener 1991 , Feener et al. 1996 , Orr et al. 1997 . It is unknown exactly how far Pseudacteon phorids may be attracted to Solenopsis workers by olfactory cues, or which chemical signals are involved. In the current study, moving trays with Solenopsis workers by 25 m almost always resulted in additional phorids being attracted, both within and outside the S. geminata population, suggesting that phorids were attracted from Ͻ50 m away (within 15 min). The ability of Pseudacteon phorids to sense Solenopsis workers at a distance will probably vary, however, with factors such as wind speed and direction, as well as the strength of the stimulus (i.e., number of workers exposed or amount of chemical signal released).
At both the open meadow and wooded lake shore sites, no S. geminata mounds were found for hundreds of meters in any direction from the known S. geminata populations, and phorids were found in similar numbers in different directions from the area inhabited by S. geminata. This suggests that the phorids must have initially dispersed from the S. geminata populations in more or less random directions, in search of appropriate hosts, and were attracted to the trays from relatively short distances (Ͻ50 m).
In some phorid species, males have been found to be more prone to dispersal, and females of some species have been found to be relatively more abundant at larval resources (Disney 1994 ). In the current study, the sex ratios of Pseudacteon spp. collected outside the S. geminata population were similar to those found within the S. geminata population.
Although the abundance of phorids found along the transects of this study decreased at greater distances from the known S. geminata source population, ultimate limits to dispersal in this group are not obvious. Because phorids were found in different directions from the S. geminata population (and upwind of the prevailing winds at the open meadow site), active transport by ßying must be important in their dispersal. There was no evidence that wind patterns inßuenced the observed dispersal. The prevailing winds in the area are from the south (National Climatic Data Center, Asheville, NC), but were often light and variable during the periods in which we measured dispersal.
Most Phoridae appear to remain close to the ground in exposed conditions (Disney 1994) . On windy days, we observed that Pseudacteon phorids were often absent from disturbed S. geminata mounds in exposed areas. If an object was placed to the windward side of the mound as a wind-break, however, phorids appeared soon thereafter (unpublished data). It is likely that Pseudacteon, like other phorids, are able to control their position on windy days by remaining close to the ground or in protected areas. Because of their small size, however, passive transport by wind is likely to have some effect, and may be important in determining the upper limits of dispersal, particularly if this group is prone to enter the upper air layers and become part of the aerial plankton.
Passive transport by water is possible in the pupal stage, and Phoridae have been reared from pupae found in ßood refuse (Lundbeck 1922 , Boness 1975 . The Solenopsis head capsule containing the Pseudacteon pupa is positively buoyant (unpublished data), and water transport of pupae is a possibility for this group. It is unlikely that water transport of pupae was responsible for any of the dispersal documented in this study, however. The open meadow site is located on a karst landscape, with no visible above-ground drainages in the area of the dispersal transects; the dispersal transects at the wooded lake shore were run in the uphill direction from the S. geminata population.
The S. geminata populations in this system represent discrete, immobile patches of acceptable hosts for Pseudacteon species. The overall distribution and interpatch distances separating S. geminata populations in the Austin area are not well known, and additional S. geminata populations almost certainly exist among the known S. geminata sites. Several S. geminata populations in addition to the ones described in this study are known in the Austin area, and all have had Pseudacteon phorids associated with them (unpublished data).
A type of metapopulation structure seems to exist in this system, the S. geminata populations providing suitable habitat patches for Pseudacteon phorids. The spatial scale over which dispersal occurs may be relatively large compared with interpatch distances (e.g., as in the region of the city park/urban natural area), however, and patch occupancy appears very high. Thus, at least in some areas, this system may resemble more of a Ôpatchy population,Õ in which dispersal takes place on a spatial scale greater than that of the local events causing population ßuctuations, than a true metapopulation (Harrison 1991, Harrison and Taylor 1997) .
Biocontrol Implications. Pseudacteon phorids from South America are biocontrol candidates for the introduced Þre ant S. invicta in the U.S. (Porter et al. 1995c , Orr et al. 1995 . This study indicates that Pseudacteon phorids commonly disperse at least several hundred meters from their emergence site, and would spread naturally over areas inhabited by introduced Solenopsis species. The rate of spread over large areas cannot yet be predicted.
One important question in such a biocontrol program is what factor(s) will regulate Pseudacteon populations. If Pseudacteon parasitoids are limited primarily by the abundance of their host ants, they would be an ideal classical biocontrol agent, increasing in pop-ulation size where the pest ant population is more dense and decreasing in population size as the ant population declines. However, if phorid populations are affected to a large degree by climatic variables (i.e., rainfall regimes), the amount of parasitism pressure exerted on the ants will vary over time.
In the current study, relative abundances of phorids ßuctuated substantially both temporally and spatially. Yet the factors causing the variation in Pseudacteon abundance may be complex, and apparently vary among sites. Climatic variables may affect phorid populations directly, yet they may also affect host ant abundances and activity, which in turn affect phorid abundances. FeenerÕs (1978) study of Apocephalus phorids attacking Pheidole dentata in Austin, TX, revealed that in each of 2 yr Apocephalus activity varied independently of its host antÕs activity at baits, suggesting environmental variables were important in determining phorid activity. Variation in phorid parasitoid abundances and activity in relation to host ant abundances and activity has been the subject of little formal study, yet knowledge of this relationship could be important in predicting the success of biocontrol efforts.
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